Ekológia (Bratislava) 383 infrared images and land Cover in tHe past VáclaV ŽdíMal Mendel university in Brno, zemědělská 1, 613 00 Brno, czech republic; e-mail: zdimal@mendelu.cz abstract Ždímal V.: infrared images and land cover in the past. Ekológia (Bratislava), Vol. 32, No. 4, p. 383-387, 2013. czech landscape is an old residential area used by humans since ancient times. at one point, we can follow the traces of human activity from different periods and natural changes. land cover of one location can change several times. The most important reason is meandering and subsequent straightening of rivers, deforestation, relocation and change in soil layers. These changes in the past affect the present management, and it is important to identify them. a suitable tool for the determination of different sites is remote sensing in the infrared spectrum, which monitors changes in the vegetation, with the support of archival materials. These changes in vegetation are statistically significant and distinct sites with different histories of others. after identifying the different places, one can search the archive materials to know what was the land cover in the past. The following archival materials have been used: maps ii and iii, military mapping, basic maps and other maps and historical aerial photographs. These images document the landscape before collectivization and the reclamation of the land, which dynamically changed the landscape cover. The studied area was documented by other aerial photographs from other time periods between 1959 and 1989 and mainly infrared images from present were used as the main basis for determining the development of land cover. a comparative analysis of land cover shows the increases and decreases in agricultural land, changes in communication line elements, the impact of new methods of land use, erosion control restoration measures, changes in retention capacity, losses and increase forest, comparing the legal and actual status of the forest boundaries and their changes over time and changes in the built areas.
introduction
The landscape is constantly changing. The causes of these changes are both natural and manmade, but nowadays mostly human. in developed countries with dense settlement, there is a great pressure on the landscape and are many people interested in its use. czech landscape belongs to the old development areas used by humans since ancient times. The landscape has been under human influence since people first arrived on the scene, with individual eras leaving their mark in the form of layers which may be read almost like a palimpsest. a single location may show evidence of human activity for different periods and natural changes. The land cover of one location could change several times. The most important reason is meandering and subsequent straightening of rivers, deforestation and soil movement. in the past, those changes influenced today's management and it is important to identify them. When we design a new land use, it is important to know the land cover in the past. knowledge of Vol. 32, no. 4, p. 383-387, 2013 Vol. 32, no. 4, p. 383-387, doi:10.2478 Vol. 32, no. 4, p. 383-387, /eko-2013 the land cover in the past allows us to propose the appropriate land use in the present and prevent unsuitable use of landscape with limited usage. one of the tools used to determine the different places are remote sensing in the near-infrared band monitoring the vegetation changes. These changes show the vegetation places with different histories of others. after identifying the different sites, the land cover in the past can be found in archival materials.
lipský (1999) and kubeš (1996) describe detailed origin and development of cultural landscape in the czech republic. czech landscape underwent a fundamental change in the period of socialist collectivization of agricultural production since 1954. The area of agricultural land increased, and meadows and grassland were arable in the lower altitudes. increasing the area of agricultural land and the change of management of the meadows and pastures have deteriorated aesthetic parameters of the countryside. in some areas, there was an increase in the area of the woody vegetation of agricultural landscape in the period of socialist collectivization of agriculture. That development was different in each territory of the republic, depending on whether it was a production area or marginal. large-scale socialist farming practices in the country left a number of small unusable areas with weeds and trees. The current state of the landscape is not very different from the condition of the landscape during periods of maximum application of forms of socialist agriculture. Examples of simplification of the landscape microstructure are shown in figs. 1 and 2. Spectral characteristics of plants are the main consequences of the different land use. The spectral behaviour of vegetation showed a significant increase in reflectance in the near-infrared spectrum. it is commonly stated that in the visible spectrum, about 20% of incident radiation is reflected by vegetation, while in the near-infrared spectrum about 60% is reflected. The difference in the amount of chlorophyll in leaves has a great influence on the determination of leaf area index lai. influence of the amount of chlorophyll on the lai determination was studied by haboudane et al. (2004) . convenience of used spectral bands is often a discussed question. primary, standard red (rEd, 630-90 nm) and near-infrared (nir, 750-900 nm) bands are used. zhang et al. (2006) used these spectral bands and ndVi respectively for the determination of the amount of nitrogen in rice, and reyniers et al. (2006) observed dependence between the amount of nitrogen and ndVi in plants. additionally, studies that evaluate convenience of various spectral bands in different plant growth phases or conditions were also made. historical land cover is important for landscape planning (Marcucci, 2000) , and remote sensing is a suitable tool for recognition of historical land cover (ulbricht, heckendorf, 1998; gojda, 2000) .
methods

Study site
The project was solved on the land of university agriculture Enterprise (uaE) (Mendel university in Brno), in Žabčice 90 km from Vienna (czech republic, 48°59´11" n 16°37´40" E, 175 m above sea level). uaE is working mainly in the maize area. field production is focused on the production of cereals and fodder crops and livestock production is focused on beef and pig-raising. additional activities are focused first of all on the practical aspects of the student education. uaE Žabčice controls 1602 ha of the farmland (1353 ha of the arable land).
in the area of interest from 1953 to 2003, there were significant changes between different categories of the land use. area of the arable land decreased from 83% to 73%, area of permanent grassland decreased from 7% to 2% and area of the forest land increased from 3% to 5%. The categories of orchards and gardens area increased by 7% and other categories by 6%. The increase in the category of the others was mainly due to increase in built-up area.
Data processing
Modern digital aerial measuring cameras can capture the radiation from near-infrared band. currently, the entire czech republic is already covered by digital infrared images. aerial photos in the near-infrared band were used for visual interpretation of characters that identify the previous land cover. Visual identification was performed with digital images on the screen. The following were identified: 1.
pushing the borders of individual land cover categories. 2.
areas with different land cover. 3.
lines and distinctive shapes which differ from the surrounding area indicating different usage. identified differences were compared with historical source materials. The historical source materials are as follows: 1.
Memories of witnesses and field survey. 2.
Maps from ii: military mapping from the years 1836-1852. 3.
Maps from iii: military mapping from the years 1877-1880. 4.
cadastral maps since 1928. 5.
topographic maps since 1952. 6. aerial photographs from the years 1953, 1968, 1976, 1984 and 1991. results and discussion
Changes in the river bed and humidity conditions
investigated area is lowland and in the past river Šatava created meanders. The river straightened later and agricultural cultivated area increased. Soils in the original river bed and the waterlogged area have different physical and chemical properties. The present land use is limited by different soil properties. remote sensing in the near-infrared band shows the historic river bed and waterlogged areas ( fig. 3 ).
Changes in forest area
The whole area was forested in the ancient past. deforestation began after the arrival of humans. The process of afforestation or deforestation of small areas continues even today. These processes form compact forest units and removed the small forest area. deforested areas have different properties. Therefore, we can see the different areas in the near-infrared band ( fig.  4) .
Sand excavation
Specifics of the area are locations where sand has been excavated. at first, sand was removed from the location where farming had taken place, and subsequently the remaining pit was filled with sludge from the nearby sugar refinery in Židlochovice, with the land then forested via volunteer seeding. When the area of arable land was increased in the 1970s, the land came under cultivation and was not reclaimed. although it is used for agricultural purposes today, cultivation is not possible under adverse moisture conditions. any other use is therefore practically impossible. The entire process has taken place without clear ownership relationships ( fig. 5 ). fig. 4 . deforested area. fig. 3 . historic river bed. fig. 5 . Sand excavation.
Conclusion
aerial photos in the near-infrared band well identify the changes that are caused by different land cover earlier. finding the origin of these differences in historical materials, we can determine the limits of today's land use and prevent unsuitable land use. This procedure is suitable as a background document for development of regional plans and design of the land consolidation.
